Hepatocellular carcinoma (HCC) is one of the world's most common malignant tumours. As it is known, liver tumour tissue is characterised by an increased blood supply related to neoangionesis which causes an increased arterial vascularisation. CT Perfusion Imaging is an important, non invasive, technique for qualitative assessment of tissue perfusion after contrast agent administration. Nevertheless, being able to reliably quantifying angiogenesis is increasingly important to both the evaluation of the disease progression and monitoring of the therapeutic response of HCC. With this in mind, we believe that could be helpful to employ Standardised Perfusion Value (SPV), which has the potential to be a useful non-invasive marker of HCC angiogenesis. However, before using SPV in clinical practice, we need to verify its reliability. There are different causes of variability in applying the SPV index, e.g., the technical specifications of the CT system employed and the image processing system. In this paper the authors will analyse the variability of the BF a estimates and the variability due to the calibration procedure of the CT system, this with the objective of verifying how these factors affects SPV values. In our case, perfusion MDCT images of seventeen HCC patients were analysed. A software application, based on maximum slope method, was developed to compute BF a and SPV values. Four radiologists were involved in images processing evaluating variability related to ROI selection; each radiologist repeated the ROI drawing four times on the same image set. We computed the K calibration factor in order to evaluate SPV variability due to calibration protocol of CT systems. Results show that calibration factor variance, due to the position in the gantry, is less than BF a variability. So, we conclude that, when daily calibration is preferred, a simplified protocol, which neglects the dependence of K factor from the position, may be utilised; at least until the intrinsic variability of perfusion parameter computation operator-dependent will be reduced.
Introduction
Perfusion CT imaging is a non invasive technique for an assessment of tissue perfusion after contrast agent administration. Initially, the technique was essentially confined to research studies of renal or myocardial blood flows. Nowadays, instead, perfusion CT studies and clinical applications are also increasingly used in the oncology field, this is facilitated by the current availability, on the market, of multislice spiral CT systems and commercial software packages [1] and promoted by the diffusion, in routine clinical practice, of anti-angiogenic therapies. Neoplastic angiogenesis is in fact an important prognostic factor and a promising target for new treatments, of fundamental importance for monitoring tumour growth and metastasis [2] . Different techniques of image processing have been employed, in recent years, to obtain information about angiogenic characteristics of tumours in a non-invasive way [3] . Among them, CT perfusion is advocated as a means to assess the grade of vascularisation in tumour tissue, this is supported by studies, which have reported a correlation between contrast enhancement parameters and histological measurements of angiogenesis [4, 5] . CT perfusion is also employed to evaluate variations in perfusion parameters following regional treatments in loco, in which has demonstrated to be a valid alternative to hepatic resection and a suitable option for unresectable tumours [6, 7] and antiangiogenic drugs [5, [8] [9] [10] .
Several tumours are currently analysed by means of CT perfusion, among them the HCC, object of our interest. Hepatocellular carcinoma (HCC) is one of the most common malignant tumours in the world, causing about 1 million deaths per year [11, 12] . As known, liver tumour tissue is characterized by an increased blood supply related to neoangiogenesis which causes an increased arterial vascularisation [2, 13, 14] . Hence, the CT perfusion represents a useful and promising technique for HCC studies; however, in the clinical application of CT perfusion exams, there is lack of standardization because of different acquisition image protocols and different software analysis applied to obtain perfusion parameters. This vacuum makes it difficult to evaluate and to compare results from different studies [6, 14] . Other causes of variability can be recognised in CT perfusion exams, e.g.: the subjectivity of the operator that processes perfusion exams and defines the software's input parameters to obtain perfusion values [15, 16] and the injection rate of contrast agent. Finally, other additional variability elements are those related to the individual patient, such as weight and cardiac output that influence distribution and flow of contrast agent in tumour tissue. In order to reduce these latter variability sources, in 2001 Miles [17] proposed a Standardized Perfusion Value (SPV) index, that is normalised compared to those parameters.
Some clinical studies have demonstrated that SPV is a useful index to characterize lung and breast tumour vascularisation [17] [18] [19] , but, for all we know, there are not studies about SPV use in liver tumour analysis [2] . Nevertheless, we consider might be helpful to employ SPV index for reliably quantifying angiogenesis, for evaluation of disease progression and for monitoring the therapeutic response of HCC. Of course, for using SPV in clinical practice, to quantify arterial perfusion within HCC nodules using perfusion CT studies, we need a robust and standardised image acquisition protocol, an appropriate image processing, and it is necessary to ensure the reliability of the proposed index.
There are different causes of variability to take into consideration when applying the SPV index, such as the mathematical model adopted to evaluate perfusion, technical specifications of the employed CT system and image processing; some of which are dealt with in this article. In particular, in order to verify how these factors affect SPV values, the authors are discussing, in this paper, the variability related to BF a estimation (within image processing) and calibration procedure of CT system (important technical aspect).
These factors were chosen for the reasons explained below.
The variability related to the BF a estimates is in turn due to different aspects, in particular the ROI positioning. In this work, intra and inter operator variability in the computation of BF a was analyzed collecting the results of the processing made by four expert radiologists after more independent positioning of the ROI on the CT images.
As reported in literature [17] , calculation of SPV includes the value of a calibration factor that converts iodine concentration to CT attenuation in Hounsfield units (HU); but calibration factor is specific for each CT system and changes over time [20] , so, a calibration procedure has to be carried out before computing SPV tumour index. A calibration procedure was carried out to examine dependence of K factor by the position within the gantry.
Patients and Methods/Materials and Methods

Patients
For this research, were initially enrolled twenty subjects, with multiple or single hypervascular HCC lesions and without cardiac complications. Three of them were excluded from the analysis because of poor quality in data images, this was due to patient's movements, which, as known, represent an important reason of image misregistration in the CT perfusion of chest and abdomen [6] . Therefore, seventeen patients (5 women and 12 men; age range, 52 -83 years; mean, 69.3 years) were included in the study.
The diagnosis of HCC tumour was achieved on the basis of AASLD (American Association for the Study of Liver Disease) criteria using established techniques (RM, MDTC and CEUS) or by means of liver biopsy. Weights and other relevant clinical information were collected for all patients. A target untreated lesion was selected on basal CT scan (without contrast). Then, perfusion CT study was performed for each patient. The project was approved by the scientific technical committee of the hospital (National Cancer Institute "Pascale Foundation", Naples, Italy) as part of an internal research project, with note DSC/1957 of 2009, all patients gave informed consent to undergo investigation.
CT Perfusion Imaging
Perfusion CT was performed by means of a commercially available scanner (Philips Brilliance 16 slices). The perfusion protocol comprised 30 scans (90 kVp, 250 mAs, 4 × 6 mm slice thickness, 1 second gantry rotation time, 3 s acquisition time), which were obtained in correspondence of tumour lesion. A 70 ml bolus of contrast agent (Iomeron 400 mg/ml) was injected (injection rate 4 ml/s) into an antecubital vein at the beginning of the CT data acquisition. The participants were advised to breathe slowly to reduce motion artifacts.
Image Processing
Images were exported for successive analysis by means of DICOM protocol and then were processed off-line using Matlab version 7.8.0.
As mathematical model, we selected the slope method, already successfully validated for abdominal organs [1] , which has the advantage of allowing the calculation of perfusion parameters with short-duration scans [3] . About flow assessment; arterial blood flow (BF a ) and portal blood flow (BF p ) in the liver, should be separately evaluated. Nevertheless, it is possible to neglect BF p [14, 21] since HCC is characterised by a high arterial vascularisation and it is not generally nourished by portal vein.
A software implementing the "slope method" was developed by the authors both to process time attenuation curves (TAC) [22] and to compute BF a . Two circular regions of interest (ROI) were drawn on images, one on the liver tumour and the other on the aorta (please refer to Section "Analysis of BF a Variability Due to ROI Manual Selection" for details). In Figure 1 , as example, an abdominal image with the two ROI (HCC lesion and aorta) superimposed and the correspondent TAC are shown. TAC were obtained plotting the mean values of the gray levels within ROI against the acquisition time. Then, they were processed to reduce breathing artifacts 1 .
SPV and BF a Indexes
SPV index was evaluated for all patients according to the formula proposed by Miles:
where P t is the tumour perfusion and P wb is the mean whole-body perfusion. P wb is defined as Cardiac Output (CO) divided by the patient's body weight (W). Cardiac output can be evaluated from perfusion CT images and defined as injected dose of contrast (D) divided by the area under aortic curve (AUC):
P t was evaluated computing BF a ; hence, in the end, we computed SPV index by means of the following equation:
where the dose of contrast is calculated as below illustrated:
According to the slope method analysis [1] , BF a was evaluated as:
where c(t) is the tumour TAC and a(t) is the aorta TAC, obtained respectively by ROI on tumour and aorta.
The maximum slope was automatically evaluated by means of first derivative computation, implemented over the fitting of the TAC curve, BF a value was automatically calculated by dividing the estimated maximum slope by the maximum enhancement value over aorta TAC.
Analysis of BF a Variability Due to ROI Manual Selection
As it can see by Equation (3), before the evaluation of SPV, BF a value has to be computed. In this phase, important causes of variability are slice and ROI selection [23] . Four expert radiologists (each with at least two years of experience in CT perfusion) were involved in the processing of the perfusion image data set for each patient. They were instructed to choose a single slice, from the perfusion image data set, that best depicted the tumour. Then, a circular ROI was drawn on the image displayed by the software, this was done in order to include as much of tumour tissue as possible, still remaining within its boundaries, and to ensure that it did not include large vessels. Once the slice is selected, different circular ROI of different size and in different position (respecting the inclusion criteria) can be selected on the same patient. Therefore, to evaluate the variability related to operator-dependent ROI selection, each radiologist, repeated, on the same selected slice and a week apart from each other, the input procedure (i.e. ROI position and dimension) four times on the same image set. For each set of measures (same radiologist and same patient) mean value and standard deviation of BF a values were computed, finally providing the percentage of variation coefficient as a concise estimation of variability.
Calibration of the CT System
To evaluate the SPV index, the computation of the calibration K factor of the CT system was necessary (please see Equations (3) and (4)). K factor is defined as the slope of the plot of attenuation in HU vs different contrast agent concentrations (in milligrams per millimetre) [17] . Therefore, the calibration procedure aims to deter- re the concentration of contrast agent [20] .
We have carried out a specific proce e dependence of the K factor from the position in the CT scan for our CT system. We performed our calibrat ethod similar to others reported in literature [17, 20, 24] , with a cylindrical acrylic phantom (Fluke Biomedical) with five holes. The thickness of the phantom is 15 cm with diameter of 32 cm and contains five pipettes holes (A, B, C, D, E, see Figure 2 ), one in the centre and four around the perimeter, 90˚ apart and 1 cm from the edge. The inside diameter of the holes is 1.31 cm.
The phantom includes five acrylic inserts l the holes not filled with pipettes. Contrast agent of 400 mg/ml was diluted in physiological saline solution to obtain four different concentrations (6, 9, 12, 15 mg/ml). These concentrations correspond to physiological concentration in abdomen, liver, spleen and major vessels (such as aorta and vena porta) when a contrast agent bofive different concentrations of contrast were prepared (0, 6, 9, 12, 15 mg/ml). The scan parameters were the same used to obtain patients images in our HCC perfusion studies. The phantom was placed on the scanner table so that the pipettes of contrast agent were parallel to the z-axis of the CT scanner. The height of the table was adjusted in order to position the phantom at the centre of the CT gantry (Figure 3) .
Our calibration protocol was based on six configurations (P0, PA, PB, PC, PD, PE) corresponding to different positions of the pipettes in the phantom. The evaluation of K factor in different configurations aims to estimate its dependence on the position in the scan field. In configuration P0, the five pipettes with different contrast concentrations (0, 6, 9, 12, 15 mg/ml respectively) were inserted in the five holes (A, B, C, D, E) of the phantom and then scanned simultaneously by means of a single acquisition using the perfusion protocol scan sequence. In the other configurations, the five pipettes were inserted one at a time in the same hole (i.e. A corresponding to PA, B to PB, C to PC, D to PD and E to PE configuration), and the others holes were filled with acrylic inserts. Therefore, for these configurations, five scans were necessary, each of them with a different contrast agent concentration in the pipette, in order to estimate the K factor corresponding to every position. Since each TC scan provides 8 images, 8 K factors and their mean and standard deviation were computed for each configuration. To determine the K factor, regions of interest (ROI) were located by the operator on images in correspondence with each pipette containing contrast agent. The dimensions of the ROI were chosen as large as possible and avoiding partial volume effects and air bubbles generated during preparation of the solutions. For each contrast agent concentration, the mean values of gray levels (HU units) in each ROI were obtained in the different images. The slope of a linear least square fit of the five points (HU vs milligrams per milliliter) gave the calibration factor.
Results
Results obtained about the estimation of variability in
BF a evaluation are shown in Table 1 . They indicate that BF a computation is affected by the different ROI positioning made by the four operators. In fact, we obtained a great variability both among radiologists for the same patient (please, see different µ values along the lines) and among results obtained by the same radiologist on the same patient (please, see  values).
We computed also RSD ( Table 1) as estimation of variability observer-dependent, obtaining a mean value of 6.7%.
About the calibration procedure, we found that K factor depends on the position in the CT gantry. Obtained statistical parameters are shown in Table 2 (RSD less than 3%).
Finally, we have preliminarily estimated SPV index reference values, by computing them from CT perfusion exams in the group of seventeen HCC patients obtaining values in the range 8.0 -18.3. CT, in clinical practice, is frequently tie Contrast-enhanced considered as the primary mean for assessing the therapeutic response of HCC to loco-regional treatments, especially after the introduction of multislice systems [25] [26] [27] . The CT perfusion technique is quickly spreading in the field of oncology since it can be simply incorporated into routine CT protocols, providing precious information about tumour grade and angiogenesis monitoring "in vivo" [1] . However, beneficial, extensive clinical application of perfusion CT requires a reliable use of the technique. In particular, when it is used for monitoring effects of a therapy, the reproducibility of the technique has to be such that the difference between repeated measurements is small compared to the variability due to therapeutic changes [1] . At the moment, there are encouraging preliminary findings about reproducibility of the methodology and intra-and inter-observer variability but they regard only some body regions [28] , not including the liver.
Discussions
Software packages involving SPV computation are considered as advantageous in oncological applications [1] , but we believe that the first application of SPV index to liver tumour is described here. At the best of our knowledge, in fact, there are no studies about SPV application in HCC patients, although perfusion CT studies are widely used in characterization of liver tumour. We believe that SPV index could be very helpful in liver tumour studies, nevertheless its application in clinical practice requires a preliminary evaluation of its reliability. In this study we wanted to provide details about some limitations of this technique.
Important is, for example, the variability in SPV computation. SPV index, normalised respect to CO and pant's weight was proposed by Miles [17] to reduce ariability relative to these parameters. However, as can ainly related to the subjective po e positioning of the ROI consists in manually dr tend beyond tumour margins and does not include vessels, air or surrounding adipose tissue in any of them [3] .
er time. Some authors [28] pr [20] stated that it would be prudent to calibrate the CT v be seen from Equation (3), there is still variability due to K and BF a calculation.
BF a computation is m sitioning of the ROI done by a specific operator. Our results are in accordance with other works in which is reported the variability of the perfusion parameter, related to the processing analysis of perfusion image [15, 16] .
Th awing a circular ROI along tumour margins so to allow the software to quantify perfusion values within it. It is crucial that the ROI is placed within tumour margins in all perfusion scan images. By consequence, all images of the study should be carefully analysed, preferably in cine-loop modality, to ensure that the ROI does not exHowever, this procedure does not solve problems relative to patient movements during the time of acquisition. In fact, it is very difficult to choose a ROI that remains still on the tumour in each different image. The solution could be the selection of a different ROI for each image; however, this procedure can be boring for the operator, is time consuming and could introduce other sources of variability. Therefore, generally (as done also for this research work), once drawn a ROI, it should be placed in the same position on all the temporal images of the same anatomical level [22] . Because of respiratory misregistration, which represents an important source of error, as reported also by other authors [6] , it is possible that the selected ROI can include, in some slices, not only the tumour but also air, bone or normal liver parenchyma.
The calibration of CT systems is a necessary procedure, being the K factor a parameter included in the formula for computing the SPV.
Calibration factor depends on the specific CT system and on the acquisition parameters (KVp, mAs, kernel reconstruction) and changes ov oposed to compute K factor for each patient. Others system on the same day for each quantitative contrastenhanced study. However, we consider this recommendation a limit in clinical practice, because of the time needed to calibrate the system. Therefore, in order to verify if it is possible to avoid a complex calibration procedure, we estimated th n is preferred, a simplified protocol, which neglects th , before that the amount of K factor variation, re e contribution of K factor variability to the variability of SPV index respect to the variability due to BF a evaluation.
Calibration factor variance, due to the position in the gantry, resulted less than BF a variability (which is more than the double). So, we concluded that, if the daily calibratio e dependence of K factor from the position, may be utilised.
Otherwise, also according to literature [20] , we advice, to keep it on the safe side, that calibration procedure should be repeated about every two weeks for a specific CT system ported in literature [20] , becomes comparable with variability due to BF a estimation, found in our results.
Finally, concerning values of SPV index, we evaluated them in seventeen patients in order to preliminarily verify the accordance between obtained results and the theoretical hypothesis that, being HCC characterised by a gher vascularisation respect to other kinds of tumours, it should show higher SPV values. We retain to have obtained interesting results even though our patients number was not so large and a direct comparison with the SPV values in other organs was not possible. In fact, as expected, we found high SPV values (8.0 -18.3) that characterize the hyper-vascularised HCC lesion, respect to lung (range 1.13 -10.36) [18] and breast tumour (range 2.5 -5.9) [19] .
Conclusions
The application of SPV index in HCC tumour could have a great potential in th , However, to ensure it is advisable to us otocol and to calibrate the CT system with the same measurements conditions at least every two weeks. Nevertheless, we have demonstrated that this aspect can be neglected until the intrinsic variability of perfusion parameter computation will be reduced.
In conclusion, we suggest the use of SPV index since CT perfusion provides qualitative assessment of vascularisation and therapeutic effects whereas a quantitative evaluation can be more useful. The uld be a feasible and non-invasive tool in the management and follow up of TACE/TAE, PEI, radiofrequency ablation and radioembolization treatment in HCC patients. This treatments are the most suited in patients with non surgical lesions in early, intermediate and advanced stage [29] . The response to these loco-regional treatments may be evaluated by comparing the difference in SPV values pre-and post-treatment.
The results of this work represent, in our opinion, an important step in the evaluation of the use of SPV index in liver tumour perfusion studies. However, we aware that the main limitation of our study coverage related to the image CT system. This volume is limited along the z-axis by the number of CT detectors used (e.g. 2.4 cm for our 16-slice CT system). Anyway, 16 slices CT systems are still widely spread and applied in the follow up of HCC patients [30] .
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